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ABSTRACT
This research partially answered some o f the questions regarding the movement of 
soil away from the Three Kids Vfine. Flooding, appears to be the strongest potential 
explanations for transport. Soil samples were treated by three methods: total digestion 
with HF, leaching with I%HN0 3 , and leaching with acidified water. The samples were 
then analyzed with an ICP or AA spectrophotometer for the presence of arsenic, 
cadmium, chromium, cobalt, copper, iron, lead, manganese, nickel, or zinc.
Data shows that there is up to 40% manganese at some sites, and that 14% to 35% 
of the elements studied will dissolve in 1% HNO3, except iron (2%). Because the area’s 
rainwater has a pH between 5 and 7, it can be surmised that only a very small percentage 
of the soil would be transported in the dissolved phase after a rainstorm. However, the 
elements may be carried to another location in association with colloidal or particulate 
matter during flash flooding as evidenced by many rills, the decreasing concentrations of 
the elements in the soil away from the mine in the surrounding washes, and laboratory 
experiments that suggest there is a rapid drop in turbidity o f any solution. Two sites 
where surface and subsurface samples were taken, suggest that some force is physically 
moving the mine things. By the analysis of dust on creosote bushes, it is believed that 
wind also plays a role in the movement of soil.
m
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CHAPTER I 
INTRODUCTION
Inherent in the discussion o f mining is ore processing. Processing often 
involves potentially hazardous chemicals which may migrate away from an abandoned 
site if it was not properly remeadiated upon closure. The Three Kids Nfine, near Lake 
Mead, Nevada, was a vital manganese mine during the World Wars. After the WWn, a 
processing plant was built to help concentrate the ore on site. It was closed and 
abandoned in the early 1960's, leaving behind waste water residue, three open pits and 
large amounts of manganese dust and hazardous elements. The purpose of this thesis 
research was to study the migration of manganese and other elements such as lead and 
arsenic away from abandoned mine sites using the Three Kids Vfine as a specific 
example.
Geological History o f Manganese Deposits in the Lake Mead Region 
Location and Timeline
The Manganese District in the Lake Mead Region o f Clark County, Nevada, 
lies southeast of Lake Mead Drive and northeast of Boulder Canyon (Figure 1). 
Commonly referred to as the Lake Mead Manganese District, this area spans a distance
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure I The Manganese Deposits in Clark County. Figure 16 of Longwell, C.R. 1965.
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of approximately 10 linear miles either side o f Lake Mead, beginning in the River 
Mountains and ending in the Black Mountains ^ongwell et al., 1965). The manganese 
was deposited as part o f a Pliocene volcanogenic-sedimentary sequence. The Pliocene 
era was a highly volcanic time in this region. The magma and tuff o f these volcanoes 
was rich in manganese, iron and lead. Towards the end of the volcanic period, a 
shallow inland sea developed. Tuff mixed with the silt o f the sea, created 
manganiferous siltstone in the sea. Also during this time, there was a tremendous 
amount o f faulting and folding o f the land to create many g ra in s  (area between two 
faults) and synclines (U-shaped bends in rock). “Conglomerate and sandstone grading 
into silstone, clay, tuff limestone and gypsum” were deposited as the sea receded 
(Longwell et al., 1965)(Figure 2). This gravel like covering is seen all over the area 
and is called the Muddy Creek Formation. After evaporation o f the sea, additional land 
upheavals and erosion exposed the manganese deposits to create optimal mining 
conditioas.
Manganese in Deposits
Due to the many grabens and synclines, the manganese was close to the surface 
in this area, and was easily mined. The manganese was found as oxides, carbonates, 
hydrosilicates and occasionally as sulfides. It was most often seen in the form of 
sandstone and siltsone. Manganese containing minerals found in the area include 
pyrolusite (MnOj), psilomelane [BaMnMhgOig(OH)J, manganite [MnO(OH)], and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
l i f e l i i i i t a i
s  m s ;iW
w
Figure 2 The Geology of the Manganese District. From plate 47 of Hunt, et al. 1942.
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neotocite (hydrous Mn, Fe silicates) (Hewett and Webber, 1931) Interdispersed in 
the manganese deposits are also areas o f suIfUrous iron, lead and zinc from the 
presence of hydrogen sulfide in the volcanic era (Wolfi 1976).
The Three Kids \fine
Location and Geology
The Three Kids Mine, on the western edge of the Manganese District, is located 
approximately five miles northeast of Henderson and eight miles northwest of Boulder 
City, Nevada. It is just southeast of the Lake Las Vegas Resort Community on Lake 
Mead Drive (Figure 3). The Three Kids Mine area is “an open syncUne which strikes
Figure 3 A map of the Las Vegas area (Encarta, 1996).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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northeast [and] is cut by the northwest-trending L ow n^ fruilt. A graben east o f the 
Low n^ foult and west of the Extension fault is the down fiiulted eastern limb o f the 
syncline” (Longwell et al., 1965). The manganese was discovered and mined primarily 
from the outcropping along the east flank o f the graben (Figure 2). The chief ore 
mineral was a hydrous oxide (referred to as wad). It is believed to be mainly hydrated 
pyrolusite (MnOj). In studies reported by the United States Department o f the 
Interior, the quality of manganese ore drops dramatically from 30-40% to 10-15% in as 
little as 800 feet west of the Three Kids Nfine (Hunt et al., 1942).
History
The Three Kids Mine was an open pit mine that was originally discovered by 
three gentlemen in late 1917. Serious excavation of the manganese during WWI and 
WWn was a result of the high demand o f manganese as a steel strengthener for the 
war effort (Plaster, 1978). The original mine site had a manganese concentration 
between 20% and 40%. No other mine in North or South America had this quality of 
ore during this time. Later mining of this site and subsequent mines in the District, 
could not compete with the initial quality. It is estimated that total ore production from 
this mine was between 2.2 and 2.8 million tons (Plaster, 1978)
Initially, the ore was carted from the mine to the Union Pacific Railroad in Las 
Vegas and shipped to New Jersey for processing. Eventually the ore was taken to a 
spike of the Boulder City railroad branch and shipped from there. During peace time.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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with little demand, the mine was virtually shut down. The following timeline shows the 
life o f  the Three Kids Nfine.
Three Kids Mine Tiemline
1917 Three Gentlemen Discover Manganese
W W I Manganese Mined and Shipped for Processing
WW n  Mining Revitalized
1942 Initial Flotation and Kiln Nodulizing Processing Plant Built
1955 Processing Plant Updated
1956 Environmental Air Controls Installed in Kiln
1961 Mine Closed
Figure 4 The timeline for the fonctioning time o f the Three Kids Nfine
The termination o f the government’s strategic minerals program and the lessening 
demand for manganese resulted in the closure o f the mine and processing plant in 1961. 
The buildings were removed, leaving the tailings ponds, ore piles, concrete processing 
tanks, and mine pits (Green, 1995) (Figure 5).
Mining and NfiUine Methods
During WWn, an electrolytic processing plant, similar to an exsisting pilot plant 
in Boulder City, was proposed (Jacobs et al., 1946). However, a floatation and 
filtration mill and a kiln nodulizing plant were constructed instead. When Manganese 
Inc. took over the mine in the early I950's, the intermediate, on site processing station 
was upgraded to help concentrate the ore before shipping. The workings o f this plant
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 5 Aerial view of the Three Kids Mine after 1970. (Green, 1995)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
was summarized by Green (1995). The plant’s feed stock was ground to a fine powder 
for leaching. Figures 6 and 7 show the coarse ore crushing area and the conveyor belt 
used to transport the finely crushed ore.
Figure 6 Functioning NCne Picture: Crusher. (Johnson and Trengove, 1959)
Figure 7 Functioning Mine Picture: Conveyor Belt (Johnson and Trengove, 1956)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Prior to 1955, the ore was leached with sulfuric acid to get the manganese, lead and 
other metals into solution. The desired elements were then precipitated out (as 
manganese sulfate, lead sulfate, and dithiol), dewatered with a thickener, and dried in a 
kiln to turn them into nodules. After 1955, the powder was placed in floatation tanks 
and mixed with a solution of sulfur dioxide (to produce sulfuric acid and maintain a low 
pH), diesel fuel, soap, oronite (sodium sulfonyl sulfonate) and water. The foam 
produced contained the desired metals. The foam was collected, thickened, and then 
placed in a kiln (Figure 8) for nodulizing. The tailings in both processes contained
Figure 8 Functioning Nfine Picture; Kiln (Johnson and Trengove, 1956)
about 80% liquid mixed with clay minerals. They were pumped to the tailings pile 
where seepage water was allowed to collect in a pond and then pumped into the wash
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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next to the Lake Las Vegas Parkway to eventually end up in the Las Vegas Wash. A 













Figure 9 Flowchart of Flotation and Filtration Plant for the 
Three Kids Mine. Based on Johnson and Trengove (1956).
From this description it can be seen that the milling process was limited in its use of 
hazardous chemicals, but there was still some opportunity for contamination o f the 
environment. One area of potential contamination came from the waste water. The 
water from the seepage and thickening processes was pumped over a retaining dike and 
into the drainage running through the site and towards the wash. The more hazard 
producing area was the kiln. The thickened metal solution was roasted and calcined in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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a coke-fîred, open kiln. Lead, arsenic, sulflir, and other impurities were vaporized and 
sulfur dioxide gas was released during this process. Prior to 1956, there were no 
environmental controls (Johnson and Trengrove, 1956). After 1956, there were 
emissions controls, but waste water was still untreated (Green, 1995).
Even though waste water from this mine has not been pumped towards the Las 
Vegas Wash since 1961, there are still environmental dangers. Unprotected tailings 
and ore piles, fine particulate dust (both natural and remaining from the crushing and 
kiln), dry-windy climate and surface runoff during flash floods, all may contribute to the 
contamination of the soil in and around the Three Kids Mine. Since the area is 
naturally high in lead and arsenic, the material leaving the mine should be of concern.
It was hypothesized that the movement of the manganese might be used as an indicator 
o f the movement o f other elements or contaminants.
Manganese Chemistry
Basic Information
Manganese, even though it is ranked twelfth among elements in the earth’s 
crust (Encartia, 1996), has the greatest environmental flux o f any element (next to iron 
and aluminum). Because o f this, manganese is often found at mine sites that aren’t 
even being mined for manganese (Ripley, et al., 1996). Manganese’s most common 
oxidation states are 2+, 3+ and 4+. These are common in many minerals. Table 1 
shows the numerous manganese minerals and its oxidation state in each mineral.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Manganese is essential to several important en^mie functions involved in protein and 
energy metabolism. Manganese appears to only be toxic when large quantities o f dust 
are inhaled and absorbed through the lungs to develop toxicity in the central nervous 
system (Moore, 1991).
Table 1 : Summarv o f Manganese Minerals and Oxidation States
Mineral Formula Oxidation State
pyrolusite MnO, 4+
manganite MnO(OH) 3+




biotite mica K(Mn,Fe)3 (AlSi);0 ;o(OH) 2




Even though manganese is only toxic in certain circumstances, manganese often 
facilitates the transportation o f other potentially dangerous materials in water as can be 
seen in Table 2. All o f these elements can be dangerous to living organisms. For 
copper and iron, large quantities need to be ingested to be considered toxic. However, 
for chromium, uranium, radium, lead, cadmium, vanadium, and selenium, small 
ingested quantities can be dangerous. For this reason the transport o f substances in 
conjunction with manganese, is important to understand.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 2: Metal Adsorptions in the Presence of Manganese
Metal Process
chromium MnO, allows for transport o f Cr^ due to oxidation of Chromium on 
MnO, surface (Moore, 1991).
copper Adsorbs to and desorbs when natural organic matter levels increase 
(Godtfredsen and Stone, 1994).
iron Often foimd as hydrous oxide with manganese. Strong positive 
correlation between Fe-Mh compounds and 1. lead, zinc and cadmium 




Presence of manganese causes no significant changes in adsorption or 
desorption (WHlet and Bond, 1995).
zinc Strongly adsorbed to colloids in soil containing manganese or iron. 
Desorbtion very slow (Bogacz, 1993)
Methods of transport
When surface mining and processing are conducted, soil often becomes 
contaminated with various chemicals. Many are poisonous or even toxic. 
Contaminates can be carried to adjoining areas by several transport mechanisms. These 
mechanisms include hydrospheric, lithospheric, and atmospheric transportation. The 
literature on each of these processes is extensive, therefore each process will be 
discussed only in terms o f its ability to help facilitate the transport of contaminates.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Movement in Hydrosphere
Water transport of contaminates is the most complicated o f the three transport 
mechanisms. Even though the particle interactions o f this transport mechanism are not 
yet completely understood for manganese, water transport is believed to play the 
greatest role in moving contaminates in the environment. It is believed that materials, 
in contact with water, can be dissolved or suspended as various chemical species. 
Particles less than 0.45 pm in solution are operationally classified as “dissolved”. They 
are usually ions and/or small molecules. These dissolved species usually undergo 
oxidation and reduction processes to dissolve or precipitate.
Particles between O.lnm and 1 pm are colloids. Operationally, if a colloid can 
pass through a 0.45mm filter, it is considered dissolved. If it cannot, it will be classified 
as particulate (McCarthy and Degueldre, 1993). Colloids can undergo oxidation and 
reduction, like dissolved particles, but th ^  also have a unique chemistry of their own. 
Colloidal particles are often compounds or conglomerates that exert attractive forces 
on other particles. Colloids participate in the adsorption, or desorption of dissolved or 
suspended particles onto (off of) other substances through these attractions (or lack of 
attraction). Because o f this, it is believed that a colloidal substance may help in the 
transport of some particle, or other dissolved species, fi-om one location to another.
Particulate matter above the 1 pm threshold is believed to be physically carried 
by the water and deposited as silt unless it is under the correct conditions to be slowly 
dissolved and follow the path of a dissolved particle (McCarthy and Degueldre, 1993).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Moore (1991) and Dean (1981) proposed that under reducing conditions, 
manganese oxide will be reduced from the 4* state to the 2~ state, travel as a dissolved 
ion until it is oxidized, when it will precipitate out as the solid oxide. Moore (1991) 
predicted the process to be as follows:
+ O2 -► MnOz{s)
+ MnOzis) -> • Mn02{s)
• MnOz(s) + O2 -> lMnOz{s)
Both authors proposed that microbes could facilitate the reduction process, thus 
increasing solvation or dissolution depending on the conditions.
Dean (1981) applied his discussion to manganese nodule erosion in lake waters. 
It is proposed that this process occurs whether the item is a nodule, particulate, 
colloidal, or solvated species. According to Dean (1981), as the manganese oxide 
settles to the waterway floor it is reduced and dissolved. It then travels the water 
currents until it is uplifted, oxidized and precipitated. As it falls it is reduced, dissolved 
and again carried further from the original site.
Dean’s (1981) discussion would be a good model for ore material exposed to 
water. As the ore is exposed it may be dissolved and transported from the mine site. 
Exactly what happens would depend on the conditions o f the water. How far the 
dissolved material traveled would depend on the turbulence and depth o f the 
waterway. This model would also be affected by temperature, pH, dissolved oxygen
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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levels of the water, initial manganese oxidation state. It has been found that as the 
temperature increases the oxygen gas levels decrease (carbon dioxide increases), 
causing a more reducing environment (potentially low pH) and thus increasing the 
solvation of manganese (Bourg, 1994; Bravo, 1996).
Movement in the Lithosphere
Lhhospheric transport consists o f siltation, rills and subsiding in the land. 
Siltation and rills are a result o f water moving across or through the soil and either 
picking it up or pushing it out o f the way . Silt is deposited downgradient from the 
mine site. Rills are seen as grooves cut in the side of soil mounds. Even though this is 
an area o f little earthquake activity, subsidings still occur when land that was moved is 
overcome by the pull of gravity or moving water and slides. In all o f these situations, if 
the soil is contaminated, the contaminates will have been successfully moved to another 
location (Walder and Chavez, 1995)
Movement in the Atmosphere
Atmospheric transport is an important topic to consider in the Las Vegas area 
Windy conditions, in excess o f 15 mph, are a common occurrence (Tanenbaum, 1997). 
Transport through the air occurs when the wind physically picks up particles and 
transports them to a new place. Particles transported via this method can be colloidal 
or particulate in size. Silt or small pebbles can even be transported during some wind
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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storms. How far the contaminates travel depends of the size o f the particle and the 
frequency of precipitation in the area. A study in the Drainage Basin o f North China 
showed that residence time is approximately 1 0  days with no precipitation for 1  or 2  
pm size (Zhang et al., 1990).
Purpose
The conditions existing at the Three Kids Mine make it a prime candidate for 
the study of contaminant transport. Referring to the processing flow diagram outlined 
in Figure 8 , it can be seen that very few toxic chemicals were used in the processing of 
the ore. However, many naturally occurring elements in the area, such as lead and 
arsenic, are toxic in and of themselves. The purpose of this research was to study the 
migration of manganese away from the Three Kids \fine as a pattern for other elements 
at the mine and other mines. By studying the concentrations of several elements in the 
soil on and around the mine site, it may be possible to see what direction contaminates 
have traveled and determine if  and how they have moved off site. Since the amount of 
manganese is thought to decrease away from the mine, other elements, in addition to 
manganese were studied to see if they behaved similarly. The other elements studied 
were arsenic, cadmium, chromium, cobalt, copper, iron, nickel and zinc. Samples were 
collected close and far from the mine along potential migration paths. Also, the 
solubilities o f manganese and the other elements in 1% HNO, and acidified water 
(pH=5) were determined in order to evaluate the soluble component o f the mine soils
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to give insight into the solubility o f these elements during potentially acidic rain storms. 
Finally, air bom particles were retrieved from the natural vegetation on and around the 
mine site to assess the transport o f mine waste via atmospheric transport.
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CHAPTERn 
EXPERIMENTAL PROCEDURES
Materials and Equipment 
All chemicals used in this project were reagent grade or better. Ultra-pure 
nitric acid was purchased from Seastar (Seattle, WA). The other acids, hydrochloric, 
acetic acid and hydrofluoric acid were purchased from VWR Scientific (West Chester, 
PA). All reagent dilutions and spectroscopic standards were made with 18 MO (nano- 
pure) grade distilled water. All samples were stored in Nalgene polyethylene bottles. 
When necessary, gravity filtration was accomplished using #42 ashless, 11.0 cm 
Whatman (Deerfield, IL) filter paper. Centrifugation was accomplished using a 
Precision Scientific (Chic*%o, IL) ISSO rpm Centricone Centrifuge. Sample solutions 
were agitated with the Lab-Line, Multi-wrist Shaker (Melrose Park, IL) The Orion 
Research, Model 601A/digital ion analyzer pH meter was used to measure pH. An 
ARL (Valencia, CA) 3560 AES Single Stand Simultaneous Inductively Coupled 
Plasma (ICP) Spectrophotometer was used to analyze all samples. A Cole-Parmer 
Masterflex Cartridge Pump, Model 7519-20, digital console drive was used with the 
ICP to help maintain a constant sample flow rate o f ImL/min. Samples were also
20
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analyzed for arsenic, cadmium and lead using the Perkin-Elmer (Norwalk, CT) Atomic 
Absorfotion (AA) Spectrophotometer.
Sample Collection
Soil samples were collected from and around the Three Kids \fine site. Figure 
10 is a topographical Sample Location Map o f the area. The samples were taken from 
the mine area itself half a mile away (north, south, east and west) and a mile from the 
mine entrance along Lake Mead Drive. The samples were collected in this manner to 
establish a pattern according to proximity to the mine. The first eight soil samples (#1- 
8 ) were taken in June of 1996. The second batch (#9-22), were taken in August of 
1996, while the third batch (#23-26) was taken in June of 1997. There was no soil 
sample 19 taken due to a counting error. The soil samples were collected by gently 
scooping approximately 0.5 kg of the first 2.5 cm of undisturbed soil into a Ziploc 
(Indianapolis, IN) Freezer Bag®. As can be seen on the Sample Location Map (Figure 
10), two samples (#5 and 10) were collected below the first sample (#3 and #9 
respectively). The top sample was collected as stated previously, while the lower 
sample was collected after 5cm of the top soil was carefully removed.
In order to collect wind blown material, 30 cm segments o f Larrea divaricata 
(creosote bush) branches were collected at several sites. Each creosote branch was 
sealed in a separate plastic bag. Once the branch was returned to the lab, it was
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Figure 10 Topographical Sample Location Map of Three Kids Mine 
•  soil samples only USGS Geological Map
I soil and wind blown samples 
A  wind blown sample only 
a- denote direction of water flow
Henderson, W  Quad 
enlarged 140%, Scale: 1:15,000
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washed with 100 mL o f nano-pure water. The wash water was evaporated and the 
sample weighed, digested and then analyzed.
The wind blown samples were taken at three different times also. These 
samples corresponded to the same numbered soil sample site (Figure 10). Samples 6 ,
8 , 1 1 , and 12 were sampled on Jan. 15, 1997 just after a 0.25" rain event with 
southwest winds of 8  - 11 mph in the Henderson area. A second round o f samples (at 
the same sites), in addition to sample 19, were also collected on Feb. 19, 1997 just after 
a 35 mph northwest wind storm on the 18* of February (Adair, 1997). The final 
samples, 23-26, were taken in June of 1997 at the same time as the soil samples for 
background purposes.
Sample Treatment Methods 
Aliquots of each soil sample were treated with the following three methods. A 
total digestion o f the soil was done to obtain a maximum reading of elements in the 
soil. The acidified water treatment was done to see the amount of sample that could 
potentially be leached in acid rain, pH-5. The third method of treatment was with 
leaching with 1% nitric acid. The plant washings were totally digested in a maimer 
similar to the soils.
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Total Soil Digestion
One gram of soil was placed in a teflon beaker, and 15 mL o f 16M HNO3  was 
added. It was covered and gently refluxed for 1 hour. The volume was reduced to 5 
mL, then 25 mL 16M HNO3  was added. It was refluxed for at least 3 hours, usually 
overnight, and then reduced to dryness. If it was dried for too long, the sample would 
not dissolve in the subsequent step. It was poured into a centrifuge tube after adding 
5mL of hot 6M HCl, and centrifuged for 1.5 minutes. The supemate was then 
separated, and the solids were returned to the teflon beaker for further digestion. Ten 
milliliters 6M HCl and 10 mL HF were added. The sample was evaporated to 
dampness. Five milliliters I6M HNO3  were added and the solution was again 
evaporated. While still hot, 2% HNO3  was added to dissolve the solids. This solution 
was rinsed into the bottle containing the supemate. The volume was diluted to 60 mL 
with nano-pure water. Note: if when 2% HNO3  was added, soil was still present, it 
was heated to dampness, and the steps were repeated from the addition o f  hot 6M HCl 
to addition of 2% HNO3 . The process was repeated until all of the soil aliquot was 
digested.
Acidified Water Soil Treatment
This procedure was adapted from EPA: Method 1310, Sept., 1986. Three 
grams of soil were placed in a polyethlyene sample bottle without crushing. 48 mL of 
nano-pure water was added. The mixture was shaken, monitoring the pH at 15, 30, 60
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minute intervals until a stable pH was established for each interval (S$pHk6 ), for 24 
hours. When monitoring the pH, if pH>5, 0.5 N acetic acid was added, not exceeding 
4 itiL/g sample (12 mL) until pH-5. If pH ^5, shaking was continued without the 
addition of acid. At the end o f the shake time, pH ^5± 0.2. If pH was within limits, 
nano-pure water was added to make a total of 60 mL. If p I^S  and the maximum acid 
has not been added, the extraction procedure was continued for an additional four 
hours, carefully monitoring the pH and amount of added acid carefully. After the four 
hour period, if all acid had been used and pH >5, the pH was noted and the volume was 
diluted to 60 mL. The solution was then filtered with the #42 ashless paper, saving the 
filtrate and taking the final volume to 80 mL.
1% Nitric Acid Treatment
This method was also adapted fi-om EPA: Method 1310, Sept., 1986. Three 
grams o f uncrushed soil was placed in the polyethylene Nalgene bottles. 60 mL of 1% 
HNO3  was added to the container. It was agitated for 24 hours. The pH was recorded 
at the end of the time, pH~l. The mixture was filtered with the #42 ashless filter paper. 
The filtrate was saved, and the final volume was noted for concentration calculations.
Treatment of Dust Samples
The dust fi’om the plant leaves was collected by rinsing the branch with 
approximately 100 mL of nano-pure water into a beaker o f known mass. The water
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was evaporated, and the beaker weighed again to find sample mass. Then 10 mL 16M 
HNO3  was added to the beaker. It was refluxed overnight then evaporated to dryness. 
Two milliliters o f 16M HNO3 was added to dissolve the dried sample. It was then 
rinsed into a 20 mL polyethylene vial and diluted to 20 mL with nano-pure water.
Analysis Method
All samples were analyzed with the ARL 3560 ICP Spectrophotometer and the 
Perkin-Elmer AA Spectrophotometer. For this study, in addition to manganese, 
concentrations of nine other elements were studied. Arsenic (189.0 nm), cadmium 
(226.5 nm) and lead (220.4 nm) were analyzed by the AA. Cobalt (228.6 nm), 
chromium (267.7 nm), copper (324.8 nm), iron (247 nm and 259.9 nm), manganese 
(257.6 nm), nickel (231.6 nm), and zinc (213.9 nm)were analyzed by the ICP. The ICP 
preformed three integrations to attain each reading. The unit of measurement for the 
ICP readings was kilopulses. The AA used absorbance units of measurement.
Corel’s Quatro Pro 8  was used to do all calculations. A calibration curve was 
made using 0,1, 5, 20, 50, and lOOppm solutions. Refer to Appendix C for sample 
calibration curves fi-om both the ICP and the AA. R  ̂values were 0.994 or better for all 
elements except iron. Iron had an r̂  values fluxuating between 0.84 and 0.92 due to 
the ICP’s difiSculty measuring iron. The slope of the line was then found and used to 
calculate the concentration o f the sample. Knowing the sample mass, dilution factor, 
solution volume, and concentration of the solution (according to the calibration curve).
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the concentration o f each element (CJ in one gram o f soil could be calculated 
according to the following calculation:
c/f
«
where C, is the concentration according to the calibration curve, V the volume o f  the 
sample, df the dilution factor, and g the mass o f the sample in grams. The percent 
relative standard deviation was given by the program when the kpulses were reported. 
The percent was then applied to the concentration o f the element to obtain the error. 
Both, concentration and error values, were reported using the rules o f significant 
figures. Appendix B contains the concentrations before they were rounded for 
significant figures.
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CHAPTER in 
RESULTS AND DISCUSSION
By looking at the topographical map o f the Three Kids Mine and surrounding 
areas (Figure 11), it can be seen that there are many mountains and valleys. A wash 
leads away from the mine site in a northwest direction. Lake Mead Drive runs in front 
of the mine in an east-west manner, and mountains are directly north and south o f the 
mine. The objective of this study was to determine if and how soil was leaving the 
Three Kids \fine site. This would possibly give insight for other mines under similar 
conditions. Samples were collected in order to construct a probable model of 
contaminate transport away from the mine, such as soil transport due to water and wind 
erosion or due to contaminate solvation and then dissolution and redeposition fiuther 
away.
Comparison of Element Concentrations from Sample Treatments 
All soil samples were prepared by the three methods discussed earlier. They 
were totally digested (TD) using HF, HCl, and HNO3, or leached into a 1% HNO3 
solution or pH~5 acidified water(AW).
28
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Hgure 11 Topĉ raphical Map of Three Kids Mine Area 
USGS Geologital Ifendeisoa, NV Quad
enlarged 140%, Scale; 1:13,000 
e-denotes direction of water flow
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The element concentrations from this study were compared with values obtained 
by commercial laboratories analysis of a solid laboratory quality control sample (LCS) 
using EPA:SWA46 Digestion Method 3050 (1987), which is a harsh nitric 
acid/hydrochloric acid leach. The LCS was prepared from tailings from the Three Kids 
Mine. The concentrations obtained in this thesis research were also compared to 
natural abundance values (CRC, 1975). The natural abundance and LCS values for the 
desired elements are shown in Table 3.
Table 3: LCS Values (ppm) for Three Kids Mine Material 









Arsenic 680 1 . 8 Iron 1 1 2 0 0 5.63 %
Cadmium < 1 0 . 2 Lead 5830 12.5
Chromium 16.7 1 0 0 Manganese 91735 950
Cobalt 6.9 25 Mckel 22.4 75
Copper 265 55 Zinc 425 70
The results of the analysis of the resulting sample solutions are presented in 
Tables 4-13. As expected, the amount of each element in the TD is the highest, while 
the amounts of each element leached into 1% HNO3  and pH-5 water (AW) for the 
same soil sample are much less. It can be seen that some elements for the present Three 
Kids Mine study are higher than both background and LCS values. This may be due to
I
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Table 4 : CoBCcntratioB of Arsenic (ppm) in Three Kids Mine Soil (using AA)
Sample TD l%HNO, percent HNO, 
TD
AW percent AW/TD
I 1920 ± 90 840t  20 43 <5 <0.5
2 830 ± 60 70 i  10 21 <5 <I
3 590 ± 70 200 1 20 33 <5 <1
4 530 ± 40 200 ± 20 38 <5 <1
5 <70 <30 <5
6 2390± 70 200± 10 8 <5 <0.2
7 1250 ± 70 360± 10 29 <5 <0.5
8 6200 ± 500 1100 i; 100 18 <5 <0.1
9 1060± SO 230± 10 22 <5 <0.5
10 <70 <30 <5
11 1210 ± 60 170± 10 14 <5 <7
12 <70 <30 46 <5 <6
13 60± 30 40± 20 55 <5 <4
14 70 ± 40 30 ± 10 39 <5 <7
15 100 ± 40 90± 20 84 <5 <7
16 <70 <30 <5
17 <70 <30 <5
18 <70 <30 <5
20 <70 <30 <5
21 <70 <30 <5
22 <70 <30 <5
23 <70 <30 <5
24 <70 <30 <5
25 <70 <30 <5
26 <70 <30 <5
avg 35 <3
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Table S: Concentration of Cadmium (ppm) in Three Kids Mine Soil (using AA)
Sample TD l%HNOj ■percent HNO, 
TD
AW '‘percent AW/TD
1 <1 <1 <1
2 <1 <1 <1
3 <1 <1 <1
4 <1 <1 <1
5 <1 < 1 <1
6 <1 <1 <1
7 <1 <1 <1
8 5.5 ±0.3 <1 18 <1
9 <1 <1 < 1
10 <1 <1 <1
11 <1 <1 <1
12 <1 <1 <1
13 <1 <1 <1
14 <1 <1 <1
15 <1 <1 <1
16 <1 <1 <1
17 <1 <1 <I
18 < 1 <1 <1
20 <1 <1 <1
21 <1 <1 <1
22 <1 <1 <1
23 <1 <1 <1
24 <1 <1 <1
25 <1 <1 <1
26 <1 <1 <1
avg . _ J L . . . . --
alcalculated for one sample only, the rest could not be calculated accurately 
bjnot possible to calculate with accuracy
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Table 6 : Conceatratioa of Chramium (ppm) in Three Kids Mine Soil
Sample TD l%HNO, percent HNO. 
TD
AW percent AW/TD
1 117 ± 1 27.4 ± 02 23 23.10 ± 0.09 20
2 123 ± 2 29.5 ± 0.3 24 23.4 ±  0.2 19
3 121 ± 1 27.0 ± 0.1 22 23.46 ±  0.09 19
4 126 ± 4 28.46 ± 0.08 23 22.9 ± 0.1 18
5 121.8 ± 0.5 27.4 ± 0.2 23 21.90 ± 0.04 18
6 148 ± 1 28.6 ± 0.3 19 20.3 ± 0.3 14
7 124 ± 1 27.3 ± 0.1 22 22.4 ± 0.3 18
8 121.3 ± 0.62 26.0 ± 02 21 22.5 ± 0.2 19
9 119.0 ± 0.3 28.1 ± 0.3 24 23.8 ± 02 20
10 131 ± 1 31.9 ± 0.2 24 22.7 ± 0.1 17
11 120 ± 10 32.7 ± 0.5 27 23.9 ± 02 20
12 123 ± 2 32.0 ± 0.3 27 232 ± 02 19
13 121.4 ± 02 30.3 ± 0.1 25 22.4 ± 02 18
14 118 ± 1 29.66 ± 0.07 25 22.7 ± 0.1 19
15 137 ± 1 28.6 ± 0.4 21 23.3 ± 02 17
16 114.4 ± 0.5 28.4 ± 0.2 25 22.65 ± 0.04 20
17 123.06 ± 0.09 28.5 ± 0.1 23 23.1 ± 0.3 19
18 126 ± 1 28.6 ± 0.5 23 23.5 ± 02 19
20 129 ± 2 31.07 ± 0.07 24 22.50 ± 0.06 17
21 121.9 ±  0.5 31.6 ± 0.1 26 22.8 ± 0.1 19
22 131 ± 2 30.1 ± 0.3 23 232 ± 0.1 18
23 133.9 ± 0.8 30.6 ± 0.6 23 26.8 ± 0.5 20
24 116 ± 1 32.2 ± 0.3 28 25.5 ± 02 22
25 119 ± 3 46 ± 2 38 27.69 ± 0.05 23
26 148 ± 1 36.8 ± 0.2 25 25.5 ± 0.1 17
avg 24 19
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Table? : CoocentratioB of Cobalt (ppm) la Three Kids Mtae Soil
Sample TD l%HNOj percent HNO, 
TD
AW percent AW/TD
I 222 ± 0.1 5.97 ± 0.05 27 5.98 ± 0.07 27
2 232 ± 0.4 6.33 ± 0.03 27 6.1 ± 0.1 26
3 232 ± 02 5.98 ± 0.03 26 6.08 ± 0.03 26
4 242 ± 0.6 625 ± 0.04 26 5.98 ± 0.08 25
5 232 ± 0.3 6.1 ± 0.1 26 5.75 ± 0.02 25
6 28.0 ± 0.3 6.15 ±  0.04 22 526 ± 0.04 19
7 22.5 ± 0.4 5.96 ± 0.04 27 5.81 ± 0.08 26
8 23.1 ± 02 5-73 ± 0.03 25 5.78 ± 0.08 25
9 21.85 ±  0.09 5.93 ± 0.07 27 6.14 ± 0.08 28
10 23.8 ± 0.5 7.0 ± 0.04 30 5.93 ± 0.01 25
11 23 ± 1 6.91 ± 0.09 30 6.19 ± 0.04 27
12 23.0 ± 0.6 723 ± 0.08 31 6.04 ± 0.07 26
13 23.6 ± 02 6.71 ± 0.08 28 5.84 ± 0.04 25
14 23.0 ± 0.4 6.56 ± 0.03 29 5.93 ± 0.03 26
15 24.5 ± 0.3 6.4 ± 02 26 6.00 ± 0.06 24
16 22.6 ± 02 625 ± 0.05 28 5.87 ± 0.01 26
17 23.5 ± 0.1 6.34 ± 0.01 27 5.98 ±  0.07 25
18 24.3 ± 02 6.37 ± 0.05 26 6.13 ± 0.04 25
20 24.8 ± 0.5 6.85 ± 0.03 28 5.87 ± 0.02 24
21 23.8 ±  0.2 6.93 ± 0.09 29 5.88 ± 0.07 25
22 25.9 ±  02 6.61 ± 0.07 25 6.03 ± 0.01 23
23 27.5 ± 0.4 6.98 ± 0.09 25 6.39 ± 0.08 23
24 25.5 ± 0.2 7.03 ± 0.02 28 6.15 ± 0.06 24
25 22.4 ± 0.3 8.4 ± 0.1 37 6.41 ± 0.08 29
26 27.9 ± 0.7 7.91 ± 0.05 28 626 ± 0.02 22
avg 27.5 25
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Table 8; Concentration of Copper (ppm) in Three Kids Mine Soil
Sample TD l%HNOj percent HNO, 
TD
AW percent AW/TD
I 51.4 ± 0.3 20.8 ± 0.2 41 3.42 ± 0.01 7
2 32 ± 06 151 ± 5 47 16.1 ± 0-1 2
3 48 ± 2 16.04 ± 0.03 33 3.47 ± 0.01 7
4 47.5 ± 0.3 17.43 ± 0.06 37 3.38 ± 0.02 7
5 39.4 ± 0.3 14.3 ± O.I 36 3.64 ± 0.01 9
6 216 ± 03 17.5 ± 0.2 8 3.40 ± 0.05 2
7 86 ± 01 24.9 ± 0.1 29 3.72 ± 0.06 4
8 78 ± 3 24.3 ± 0.2 31 3.73 ± 0.02 5
9 60.5 ± 0.7 15.3 ± 0.1 25 3.93 ± 0.03 7
10 40 ± 1 17.8 ± 0.1 45 3.76 ± 0.02 9
11 66 ± 1 20.5 ± 0.2 31 3.95 ± 0.03 6
12 40.0 ± 0.5 17.2 ± 0.1 43 3.82 ± 0.04 10
13 43.4 ± 0.2 16.57 ± 0.06 38 3.71 ± 0.03 9
14 41.7 ± 0.9 15.89 ± 0.05 38 3.75 ± 0.01 9
IS 42.7 ± 0.5 15.7 ± 0.2 37 3.84 ± 0.03 9
16 40.2 ± 0.9 15.10 ± 0.08 38 3.75 ± 0.01 9
17 43.9 ± 0.5 15.27 ± 0.04 35 3.81 ± 0.04 9
18 43.3 ± 0.3 15.2 ± 0.2 35 3.86 ± 0.03 9
20 41.7 ± 0.2 16.22 ± 0.03 39 3.73 ± 0.02 9
21 42.00 ± 0.09 16.43 ± 0.06 39 3.75 ± 0.01 9
22 42.0 ± 0.5 15.8 ± 0.2 38 3.82 ± 0.02 9
23 47.2 ± 0.4 6.57 ± 0.09 14 3.93 ± 0.05 8
24 44.1 ± 0.6 10.75 ± 0.05 24 3.77 ± 0.04 9
25 34.9 ± 0.8 6.6 ± 0.2 19 3.75 ± 0.007 11
26 36.81 ± 0.07 6.97 ± 0.02 19 3.74 ± 0.03 10
avg . . . . 33 8
I
■i
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Table9 : ConccntratioB oflton (ppm) in Three Kids Mine Soil
Sample TD l%HNO, percent HNO, 
TD
AW percent AW/TD
1 22700 ± 500 222 ± 1 1 14.3 ±  0.3 0.06
2 5320 ±  80 203 ± 3 4 14.3 ±  02 0.3
3 21600 ± 700 229 ± 1 1 14.5 ± 0.2 0.07
4 23000 ± 1000 268 ± 3 1 14.1 ±  0.1 0.06
5 26000 ± 1000 218 ± 4 0.9 13.6 ± 0.1 0.05
6 10700 ±  100 840 ± 30 8 12.7 ± 0.2 0.1
7 14000 ± 500 143 ± 1 1 13.8 ± 0.4 0.1
8 22000 ± 1000 273 ± 5 1 13.9 ± 0.2 0.06
9 20300 ± 300 227 ± 2 1 14.52 ± 0.09 0.07
10 30500 ± 300 415 ± 4 1 13.96 ± 0.02 0.05
11 19800 ± 700 246 ± 5 1 13.6 ± 0.3 0.07
12 32200 ± 100 377 ± 3 1 14.25 ± 0.05 0.04
13 25100 ± 400 310 ± 3 1 13.81 ± 0.02 0.05
14 26800 ± 700 315.3 ± 0.7 1 14.0 ± 0.2 0.05
15 37800 ± 500 325 ± 4 0.9 14.33 ± 0.04 0.04
16 14700 ± 700 203 ± 2 1 13.8 ± 0.1 0.09
17 29100 ± 400 350 ± 5 1 122 ± 1 0.4
18 24100 ± 100 262 ± 5 1 14.5 ± 0.3 0.06
20 51300 ± 600 840 ± 20 2 13.7 ± 0.2 0.03
21 21000 ± 300 239.1 ± 0.9 1 14.11 ± 0.04 0.07
22 25000 ± 200 236 ± 3 0.9 14.43 ± 0.09 0.06
23 36000 ± 1000 295 ± 7 0.8 20.6 ± 0.7 0.06
24 26900 ±  500 302 ± 4 1 15.8 ± 0.4 0.06
25 19600 ±  200 480 ± 10 2 41 ±  1 0.2
26 30900 ± 400 372 ± 3 1 41 ± 1 0.1
avg 2 0.1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
37
Table 10 : Conceatratioa of Lead (ppm) in Three Kids Mine Soil (using AA)
Sample TD l%HNOj percent HNO, 
TD
AW percent AW/TD
1 19500 ± 700 11400 ± 400 58 87 ± 4 0.4
2 9500 ± 200 38 ± 2 0.4 <5 <0.1
3 2860 ± 20 52 ± 4 2 <5 <0.1
4 3550 t  90 180 ± 8 5 <5 <0.1
5 287 ± 8 48 ± 2 17 <5 <0.1
6 10600 ± 200 670 ±  10 6 15 ± 4 0.1
7 12600 ± 300 19 ± 4 0.2 <5 <0.1
8 80500 ± 800 45500 ± 400 56-5 232 ± 7 0.3
9 8100 ± 80 971 ± 8 12 7 ± 4 0.09
10 223 ± 4 19 ± 4 8 <5 <2
11 9500 ± 200 3200 ±  80 34 <5 <0.1
12 100 ± 10 37 ± 4 36 <5 <4
13 1082 ± 8 460 ± 10 42 <5 <0.3
14 631 ± 8 210 ± 4 33 <5 <0.6
15 990 ± 20 660 ± 4 67 <5 <0.4
16 2750 ± 20 490 ± 4 18 <5 <0.1
17 192 ±  8 68 ± 4 35 <5 <2
18 223 ± 9 9 ± 4 4 <5 <2
20 34 ± 8 15 ± 4 44 <5 <11
21 34 ± 8 <5 <11 <5 <11
22 42 ± 8 <5 <9 <5 <9
23 35 ± 9 15 ± 4 42 <5 <11
24 192 ± 8 38 ± 4 20 <5 <2
25 27 ± 9 11 ± 4 41 <5 <14
26 87 ± 9 37 ± 4 42 <5 <5
avg 26 ______
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Table 11 ; Concentration of bfangancse (ppm) In Three Kids Mine Soil
Sample TD l%HNO, percent HNO, 
TD
AW percent AW/TD
1 68700 ± 800 10700 ± 200 16 91 ± 1 0.1
2 140000 ±  6000 37000 ± 1000 26 8900 ± 200 6
3 51000 ±  2000 2540 ± 30 5 100 ± 2 0.2
4 24700 ± 200 3800 ± 200 15 115 ± 2 0.5
5 2800 ± 100 730 ±  20 26 67.8 ± 0.3 2
6 400000 ± 8000 46900 ± 800 12 3700 ± 100 0.9
7 183000 ± 5000 18700 ±  400 10 180 ±  10 0.1
8 121000 ± 3000 17300 ± 500 14 103 ± 6 0.09
9 112000 ± 2000 47000 ± 3000 42 2400 ± 50 2
10 6590 ± 70 2220 ± 20 34 127 ± 3 2
11 168000 ± 3000 59500 ± 700 35 1240 ± 30 0.7
12 1220 ± 50 211 ±  3 17 49 ± 1 4
13 7100 ± 200 2500 ± 50 35 179 ± 5 2.5
14 4300 ± 100 1060 ± 20 25 52.8 ± 0.9 1
15 3380 ± 50 674 ± 8 20 76.4 ± 0.2 2
16 1800 ± 100 450 ± 10 25 68 ±  1 4
17 1830 ± 30 460 ± 10 25 106 ± 1 6
18 3050 ± 20 275 ± 7 9 85.14 ± 0.06 3
20 910 ± 10 102 ± 2 11 42.7 ± 0.5 5
21 670 ± 10 199.2 ± 0.6 30 80.1 ± 0.8 12
22 629 ± 3 84 ± 2 13 44.2 ± 0.7 7
23 1090 ± 30 236 ± 7 22 59 ± 1 5
24 2780 ± 60 256 ± 6 20 72 ± 1 3
25 500 ±  20 350 ± 10 70 182 ± 2 37
26 980 ± 10 390 ± 1 40 53 ± 1 5
avg 24 4.5
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Table 12 : Coacentradon of Nickel (ppm) in Three Kids Mine Soil
Sample TD l%HNO, percent HNO, 
TD
AW percent AW/TD
I 45.3 ± 0.2 15.3 ± 0.1 34 9.6 ± 0.1 21
2 65 ± 2 19.9 ± 0.2 31 10.5 ± 0.2 16
3 43.3 ± 0.7 13.53 ± 0.09 31 9.82 ± 0.07 23
4 43.7 ± 0.6 14.77 ± 0.03 34 9JO ± 0.06 22
5 38.75 ± 0.02 15.6 ± 0.1 35 927 ±  0.04 24
6 121.1 ± 0.8 19.9 ± 0.3 16 19.2 ± 02 8
7 68 ± 2 15.05 ±  0.09 22 9.5 ± 0.2 14
8 58.3 ±  0.5 14.43 ±  0.07 25 9.5 ± 0.1 16
9 57.1 ± 0.8 20.1 ± 0.2 35 10.39 ± 0.05 18
10 40.9 ± 0.7 16.1 ± 0.2 39 9.60 ±  0.03 23.5
11 570 ± 10 23.0 ± 0.4 4 102 ± 02 2
12 37.9 ± 0.7 15.9 ± 0.1 42 9.7 ± 0.1 25.5
13 40.5 ± 0.2 14.9 ±  0.1 37 9.39 ±  0.09 23
14 39.0 ± 0.2 14.4 ± 0.1 37 9.49 ± 0.06 24
15 41.6 ± 0.7 14.1 ± 0.3 34 9.8 ± 02 24
16 37.7 ±  02 13.7 ± 0.2 36 9.60 ± 0.06 25
17 392 ± 0.2 13.93 ± 0.03 36 9.68 ± 0.09 25
18 40.6 ± 0.5 13.87 ± 0.2 34 9.8 ± 0.1 24
20 40.4 ± 0.8 14.90 ± 0.07 37 9.52 ± 0.07 24
21 39.6 ± 0.2 15.02 ± 0.08 38 9.58 ± 0.02 24
22 42.7 ± 0.7 14.5 ± 0.1 34 9.81 ± 0.04 23
23 36.9 ± 0.4 11.2 ± 0.1 30 10.02 ± 0.08 27
24 36.4 ±  0.7 12.1 ± 0.2 33 9.62 ± 0.04 26
25 33.8 ± 0.3 12.9 ± 0.2 38 10.00 ± 0.03 30
26 37.4 ± 0.3 13.0 ± 0.3 35 10.0 ± 0.1 27
avg 32 21.5
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Table 13: Concentration of Zinc (ppm) in Three fOds Mine Soil
Sample TD l%HNOj percent HNO, 
TD
AW percent AW/TD
I 350 ± 10 152 ± 2 43 4.06 ± 0.03 1
2 292 i  7 204 ± 6 70 8.4 ± O.I 3
3 277 ± 4 90.9 ± 0.7 33 4.16 ± 0.06 1.5
4 244 ^ 4 97.9 ± 0.9 40 3.93 ± 0.04 2
5 120 ± 1 22.6 ± 0.3 19 4.06 ± 0.02 3
6 634 ± 3 143 ± 5 22.5 6.1 ± 0.1 1
7 390 ± 10 110 ± 1 28.5 4.10 ± 0.09 1
8 550 ± 10 168 ± 3 30 4J0 ± 0.02 0.8
9 340 ± 10 115 ± 1 33 6J8 ± 0.06 2
10 261 ±  8 135 ± 1 52 4.77 ±  0.02 2
11 420 ± 10 134 ± 4 32 5.05 ± 0.06 1
12 117 ± 3 32.4 i  0.6 28 4J9 ± 0.05 4
13 133 ± 4 40.2 ±  0.3 30 4.14 ±  0.04 3
14 120 ± 4 27.8 ± 0.4 23 4.17 ±  0.01 3
15 205 ± 3 64.8 t  0.7 32 4.59 ±  0.04 2
16 119 ± 1 26.4 i  OJ 22 4.14 ± 0.03 3.5
17 152 ± 3 43.1 ± 0.7 28 4.31 ± 0.03 3
18 124 ± 2 27.7 ± 0.6 22 4.31 ± 0.05 3.5
20 119 ± 2 20.2 ± 0.3 17 4.13 ± 0.02 3.5
21 93.2 ± 0.6 24.8 ± 0.2 27 4.17 ± 0.06 4.5
22 92.6 ± 0.3 19.0 ± OJ 20 4J3 ± 0.05 5
23 121.3 ± 0.7 11.8 ± OJ 9 4.09 ± 0.08 3
24 125 ± 3 21.5 ± OJ 17 4.07 ± 0.1 3
25 88 i: 4 18J ± 0.7 21 4.44 ± 0.02 5
26 156 ± 3 27.8 ± 0.2 18 4.02 ± 0.03 3
avg 29 3
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where the samples were taken from. The EPA sample was light tan in color. The 
samples for this study ranged from black (from the ore pile itself) to light cream in 
color.
Table 14 summarizes the overall average percent o f  each element leached in 1% 
HMO3  and AW. It can be seen that for all elements except chromium.
Table 14: Average Percent Comparison Between Total Digestion (TD), 
1% Nitric Acid and Water (AW)






Iron 2 0 . 1
Lead 26 <3
Manganese 24 4
Nickel 32 2 2
Zinc 29 3
a)calculated for one sample only
b)not possible to calculate with accuracy
cobalt, and nickel, much less of the element is dissolved in the AW than in the 1% 
HNO3. When the 1% HNO3 is compared with the TD, all elements except iron 
dissolved more than 20 %. The low solubility of iron in the acidic solution is quite
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surprising. It would be expected to be comparable to the manganese percent dissolved 
due to its similar chemistry (Moore, 1991). Cadmium was below one part per million 
on both the ICP and AA for all values except Site 8 . Because of this, good 
comparisons could not be made for discussion.
The EPA reports the pH of Las Vegas and surrounding areas to be 5.1 (NADP, 
1996). Rain water collected at the mine on July 22,1997, had a pH o f 7. It would be 
expected that less of each element would be dissolved at pH of 7 compared to the 
amounts for AW. In support o f this, a few samples were shaken with the rain water for 
two days. When element concentration readings were taken, no measurable values 
were obtained.
On the average (Table 14), no more than 40% of any element into 1% HNOj. 
But, when the individual percentages are studied (Tables 4-13), several values are 
higher than 40%. This may be due to the crystalline matrix of that sample. Often 
elements are more easily leached from one matrix than another, and it is known that 
many different types of crystalline structures o f manganese minerals are found in this 
area (Longwell et al., 1965). The samples were not crushed before treatment, thus 
sample particle size varied from sample to sample. This allows us to see how the soil 
would respond naturally. From Table 14, it can be seen that the more acidic the 
conditions, the more of each element was leached, but very little manganese, lead or 
arsenic dissolved at pH values common to rainwater.
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Concentration and Particle Size 
An attempt was made to determine if the manganese that dissolved in the water 
was colloidal in size Knowing the size o f the particles would shed further light on the 
method o f transport. In an initial attempt to measure the particle size, three soil samples 
were shaken with nanopure water for two days, allowed to settle for ten minutes and 
then the resulting solutions’ turbidities were measured for a two week period (Figure 
12)
TurMdilyCurvtt 






0.17 5 7 150 263 45572 101
Time (hrs) 
Site 8 Site 9 Site 10
Figure 12 Turbidity graph for nanopure samples.
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There was a 10 fold drop in the tubidity for the sample from Site 10 prior to the second 
measurement (five hours later) and the turbidity dropped almost to zero between 7 and 
72 hours. Samples from Sites 8  and 9 dropped dramatically between 7 and 72 hours, 
but only slowly decreased toward zero over the following two weeks.
At the end of two weeks the manganese concentration was measured. The three 
nanopure mixtures and four selected AW solutions that had been sitting for several 
months, and still showed measurable manganese levels, were then filtered with 0.45 |im 
filter paper (Deerfield, IL). Solid material was seen on all filter papers. The turbidities 
o f the filtrates were measured, and the solutions were analyzed for manganese by ICP. 
Table 15 summarizes the results. For the AW samples, there are no apparent trends or 
correlations between the concentration of manganese and turbidity. For two o f the
Table 15: Summary of Turbidity and Manganese Concentrations
for Selected Samples








AW 6 0.05 ± 0.02 3700 ± 100 0.16 ±  0 . 0 2 3250 ± 10
AW 8 0 . 2 1  ±  0 . 0 2 103 ± 6 0 . 0 0  ±  0 . 0 2 94 ± 9
AW 9 0.31 ± 0.02 2400 ± 50 0 . 1  ± 0 . 0 2 3000 ± 200
AW 10 0.03 ±  0.02 127 ± 3 0.03 ±  0.02 116±7
nano 8 2.33 ± 0.02 20 ± 5 0.07 ± 0.02 4 ±  1
nano 9 37.60 ± 0.02 159 ± 9 1 . 0 0  ± 0 . 0 2 7 7± 6
nano 1 0 O i l  ± 0.02 1 1  ± 2 0 . 1 2  ± 0 . 0 2 7 ± 2
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nanopure water samples, a decrease in the turbidity was accompanied by a decrease in 
manganese concentration. However, for nano 10 there was no change in either the 
concentration or turbidity.
Using Stoke’s Law (CRC, 1975) and the density of several minerals common to 
the Three Kids Mine Area, settling times were calculated for particles of0.5nm and 
1.0pm diameters. The calculated values are seen in Table 16. Overall, particles larger 
than 0.45 pm should settle in 1-30 hours.
Settling Times for Various Minerals
Mineral Diameter (mm) Settling Time (hrs.)
gypsum 0.5 28
1 . 0 7
quartz and 0.5 19
feldspar 1 . 0 5
pyrochroite 0.5 14
and calcite 1 . 0 4





1 . 0 2
galena 0.5 4
1 1
Combining the information from Stokes Law, turbidity, and manganese 
concentrations, several conclusions can be made. For the AW, before filtering, the 
turbidities were low and manganese concentrations were moderate. After filtering these
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solutions the manganese concentrations did not change much, even though fine particles 
were retained on the filter. This suggests that the manganese is associated either with 
colloidal particles or is dissolved possibly as Mn^\ In the nanopure water samples, the 
turbidities and concentrations dropped for two samples, while virtually no change was 
seen in the third. More research is necessary to sort out the spéciation of manganese in 
these samples.
Comparison of Element Concentrations Based on Mine Proximity
The results fi-om the three methods were then looked at by proximity to the 
largest pit in the order outlined below.
Table 17: Breakdown of Site Proximity to Mine
Proximity to Largest Pit Site
inner mine 6 , 7, 8 , 2, 1
mine perimeter 9, 10,3. 5,11
mid-range areas 4, 18, 16, 15, 24, 17, 23
outlying areas 14, 20, 21, 22, 26, 25, 13, 12
Looking at the accompanying graphs o f the soil samples (Figures 13-23), it can be seen 
that, as expected, the concentration of the elements decrease as the distance from the
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Arsenic Concentrations In Soil
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Figure 13 Arsenic Concentrations in Top 7 cm of Soil
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Chromium Concentrations in Soil
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Figure 14 Chromium Concentrations in Top 7 cm of Soil





Cobalt Concentratins in Soil
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Figure 15 Cobalt Concentrations in Top 7 cm of Soil
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Copper Concentrations in Soii
by proximity to Three Kids Mine
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Figure 16 Copper Concentrations in Top 7 cm of Soil





Iron Concentrations in Soii
by proximity to the Three Kids Mine
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Figure 17 Iron Concentrations in Top 7 cm of Soil
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Lead Concentrations in Soii
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Figure 18 Lead (non-log scale) Concentrations in Top 7 cm of Soil






Lead Concentrations in Soil
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Figure 19 Lead Concentrations in Top 7 cm of Soil




Manganese Concentrations in Soii
by proximity to the Three Kids Mine
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Figure 21 Manganese Concentrations in Top 7 cm of Soil
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Manganese Concentrations in Soii
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Figure 20 Manganese (non-log scale) Concentrations in Top 7 cm of Soil
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Nickel Concentrations In Soil
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Figure 22 Nickel Concentrations In Top 7 cm of Soil
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Zinc Concentrations in Soil
by proximity to the Three Kids Mine
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Figure 23 Zinc Concentrations in Top 7 cm of Soil
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mine increases, except for chromium, cobait and iron. Iron shows a general tendency to 
increase with distance from the largest pit. Chromium and cobalt stay fairly constant 
throughout.
In addition to these trends, there are a few sample sites that attract attention and 
deserve mention. The sites that are in the “mine interior” are high in many of the 
elements. If an element was found to be low in this area, it tends to be low throughout. 
For example, chromium, cobalt, copper and nickel are low and fairly constant 
throughout the entire sampling area. Even though site 11 is quite far from the main pit, 
it is high in arsenic, lead, manganese, nickel, and zinc. These high values can be 
understood better knowing the sample was taken near a remaining wall which appears 
to be the entrance to the mine site, the kiln location and the outgoing loading area. At 
Site 6 , Manganese (40%) and many o f the other elements are also very high. This site is 
from an ore pile next to the main pit. The sample from Site 2 is also high for many of 
the elements, but especially copper (320 ppm). This sample was taken from a broken 
pipe used to transport the metal containing sludge. Site 8  is high in arsenic (6200 ppm), 
cadmium (5.5 ppm), lead (8 %), manganese (12%) and zinc (550 ppm). This sample 
was taken from the center of the largest floatation pond. High values for Sites 6 , 8 , 2, 
and 1 1  can be explained by the function of the site. Concentrations are higher in these 
and surrounding areas and may be migrating. Site 4 which is high in arsenic (530 ppm), 
lead (3550 ppm) and manganese (2.5%), is located across Lake Mead Dr. from the 
mine entrance, heading into a wash on the north side of the road. This implies that
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contaminated soil is being transported across Lake Mead Dr
As samples were taken from the “mine perimeter”, the amount of each element 
generally decreased. There are two note worthy sites in this area. Sites 3/5 and 9/10. 
Samples 5 and 10 were taken from beneath Samples 3 and 9 respectively. Figure 24 
shows the variation in soil color at these two sites. By looking at Table 18, it can be 
seen that for all elements except chromium, cobalt and iron, the lower soil sample 
contains less of each element.
Figure 24: A photograph o f the variation in sample color. Dr. Vernon Hodge assisting 
in gently scooping away the top layer of soil so that the lighter, bottom soil could be 
collected.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
60
Table 18: Total Digestion Summary (ppm) o f Soil Depths for 
Site Combinations 3/5 and 9/10
Element Site 3 Site 5 Site 9 Site 10
Arsenic 590 ±  70 <70 1060 *  50 <70
Cadmium < 1 < I < l <1
Chromium 121 ±  1 121.8 *  0.5 119.0* 0.3 131* 1
Cobalt 23.2 ±  0.2 23.2* 0.3 21.85 *  0.09 23.8* 0.5
Copper 48 ± 2 39.4* 0.3 6 0 .5 *  0.7 4 0 *  1
Iron 21600 *  700 26000* 1000 20300 *  300 30500 *  300
Lead 2860* 20 287* 8 8100* 80 223* 4
Manganese 51000 *  2000 2800* 100 112000 *  2000 6590 *  70
Nickel 43.3 *  0.7 38.75 *  0.02 57.1 *  0.8 40.9 *  0.7
Zinc 277 *  4 120* 1 3 4 0 *  10 261* 8
For chromium and cobalt, the upper and lower samples are virtually the same. Iron is 
6000 to 1 0 , 0 0 0  ppm higher in the lower sample. This may have something to do with 
the increasing amount of iron in the soil the further from the mine. Looking at the 
concentrations o f arsenic, manganese, and lead, there is a dramatic drop in going from 
the upper to lower soil sample. This suggests that waste from the mine is overriding 
soil that may be background soil for that area. These samples were taken from a 
shallow wash near the road that appears to chaimel water down the mine side of the 
road towards a larger wash leading to the Las Vegas Wash.
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From samples across Lake Mead Dr. and in the outlying areas, the amount o f 
each element continues to decrease, becoming more or less constant. Sites near the 
entrance to the Lake Las Vegas Resort Community (Sites 17, 15, and 26) show slightly 
elevated lead concentrations over other outlying areas (Sites 20, 21, and 22). This is 
expected due to the Act that there was once a working lead site in that area (Green, 
1995). A slight increase in several elements (chromium, cobalt, iron, lead, nickel and 
zinc) is seen at Site 26 and then decreasing at Site 25. This is consistent with wash sites 
being slightly higher at their beginning (as with Sites 3 and 9 and 4) then end. 
Concentrations being high initially support the idea of hydrospheric transport from the 
mine down the washes.
To help understand the concentrations o f the samples from the wash areas, 
sample concentrations for manganese, lead and zinc were plotted on the Topographical 
Sample Location Map (Figures 25,26 and 27 ). Arrows are drawn in showing the flow 
down gradient in the several washes. The contamination in two wash patterns become 
obvious, for all three elements. The most obvious pattern is from the entrance to the 
mine (Sites 3 ,9  and 11) across Lake Mead Dr. to the wash (Site 4) on the other side 
leading towards the entrance of the Lake Las Vegas Resort Community (Sites 18, 16,
15 and 17). A second wash pattern to the west o f the Lake Las Vegas Resort 
Community entrance is also evident (Sites 26 and 25). From the concentration 
readings, it is probably fed by the Lake Mead Dr. wash. A third wash is not noticeable
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Figure 25 Topographical Sample Location Map for Manganese
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Figure 26 Topographical Sample Location Map for Lead 
•  soil samples only
■  soil and wind blown samples
▲ wind blown sample only
denote direction of water flow
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Figure 27 Topographical Sample Location Map for Zinc 
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on the topographical map (Figure II). The figure below shows this wash running from 
next to the main pit (Site 7) through a treatment pond toward Lake Mead Dr (Sites I, 
and 9/10).
Figure 28; A picture o f the wash passing through a flotation pond. The mine processing 
area, looking from the pit through a treatment pond (rightmost, closest to the pit) 
northeast towards Lake Mead Dr
There is a fourth wash leading away from the mine area. It is the wash from the area 
west of the tailings toward Lake Mead Dr. Unfortunately no samples were taken from 
this wash.
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Windblown Contaminates 
The wind blown sample masses (the dust washed from the creosote bush limbs) 
were between 3.2 mg and 9.5 mg. When the concentrations were calculated from the 
ICP data, the values were surprisingly higher than expected. Data Tables 19-28 and 
Figures 29-38, show the results o f analysis of the wind blown samples with the ICP. 
Appendix B contains the unrounded concentration values. Cadmium, chromium, 
cobalt, copper and nickel had concentrations of less than 1.5%. Arsenic, lead and zinc 
had high values between 2% and 3.5%. Finally, manganese had values upwards of 
5.5% while iron had values as high as 10%.
The purpose of collecting the wind blown samples was to see if there would be 
evidence suggestive that manganese and other metals particular to the mine site were 
being suspended and transported with the winds. An increase in metal containing dust 
on the creosote leaves in the prominent wind direction would be supportive of this idea. 
For this reason, samples were collected at two different times, once after a heavy rain in 
January and again after a wind storm in February.
Originally, it was felt that the rain storm on Jan 15, 1997 would clean off the 
creosote bushes so that later dust producing events could be easily compared to a base 
value. As evidenced by the dust collected after the rain, this was not the case. Site 12 
is the most note worthy point for the rain event. Every element, except manganese has 
a large spike at this site. The storm was out of the southwest. This means that wind 
was coming from Henderson toward Lake Mead, and would deposit material in the
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Data Table 19: Wind Blown Particle Concentration (ppm) for Arsenic
Sample rain (1/15/97) wind (2/19/97) background (6/97)
6 16200 i  200 9000 ±  200
8 13200 ±  200 8100 ±  300
11 6200 t  200 35400 ±  800
12 34000 ±  2000 5070 ±  70
19 10000 i  200
20 4900 ± 100 10000 ±  200
23 4700 ±  200
24 4350 ± 90
25 7800 ±  200
26 5900 ±  100
Data Table 20: Wind Blown Particle Concentration (ppm) for Cadmium
Sample rain (1/15/97) wind (2/19/97) background (6/97)
6 1450 i  30 810 ±  10
8 1180 t  10 770 ± 20
11 569 ±  3 3200 ±  100
12 3180 ±  50 456 i  6
19 900 ± 20
20 443 i  7 706 i  5
23 433 ± 7
24 392 ± 4
25 700 ± 10
26 552 ±  7
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Data Table 21: Wind Blown Particle Concentration (ppm) for Chromium
Sample rain (1/15/97) wind (2/19/97) background (6/97)
6 5740 ±  60 3210 ±  20
8 4720 ± 60 3010 ±  10
11 2230 ± 20 12900 ±  200
12 12240 ± 40 1790 i  10
19 3450 ±  50
20 1740 ±  20 2760 ±  20
23 1630 i  10
24 1540 ±  10
25 2770 ± 20
26 2160 i  20
Data Table 22: Wind Blown Particle Concentration (ppm) for Cobalt
Sample rain (1/15/97) wind (2/19/97) background (6/97)
6 4440 ±  50 2486.6 ±  0.2
8 3770 ± 30 2330 ± 30
11 1720 ±  10 10110 ±  70
12 10000 i  200 1450 ±  30
19 2980 ± 60
20 1404 ±  8 2290 ±  10
23 1410 ±  10
24 1290 ±  30
25 2220 ±  30
26 1700 ± 20
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Data Table 23: Wind Blown Particle Concentration (ppm) for Copper
Sample rain (1/15/97) wind (2/19/97) background (6/97)
6 1288 ±  6 628 i  07
8 1089 i  5 647 ±  1
11 515 ±  3 2520 i  20
12 2870 ±  20 437 ±  4
19 800 i  10
20 347 ±  3 557 ±  3
23 386 ±  3
24 452 ±  4
25 577 ±  5
26 460 ±  2
Data Table 24: Wind Blown Particle Concentration (ppm) for Iron
Sample rain (1/15/97) wind (2/19/97) background (6/97)
6 44700 ±  600 26700 ± 400
8 38400 ±  500 23500 ± 200
11 19000 i  200 96000 ± 1000
12 96100 ± 500 21010 ±  40
19 30800 ±  300
20 19800 ±  100 26700 i  200
23 19000 i  100
24 18900 ± 300
25 30300 ± 800
26 24900 ± 200
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Data Table 25: Wind Blown Particle Concentratida (ppm) for Lead
Sample rain (1/15/97) wind (2/19/97) background (6/97)
6 13050 ±  80 7400 t  100
8 11100 ± 200 6520 ±  70
11 6580 i  30 29100 ±  30
12 28600 ±  300 4240 ±  40
19 8900 ±  100
20 4080 ±  70 6570 ± 70
23 4020 ±  10
24 3740 ± 40
25 6530 ± 30
26 4960 ± 50
Data Table 26: Wind Blown Particle Concentration (ppm) for Manganese
Sample rain (1/15/97) wind (2/19/97) background (6/97)
6 7400 ±  100 7000 ± 200
8 10700 ± 200 8160 i  20
11 8000 ±  100 53000 i  800
12 4580 ±  60 6200 ±  100
19 14500 ±  400
20 1590 ±  30 5010 ± 90
23 2570 i  40
24 3670 ±  60
25 3140 ± 70
26 3770 ± 10
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Data Table 27: Wind Blown Particle Concentration (ppm) for Nkkcl
Sample rain (1/15/97) wind (2/19/97) background (6/97)
6 6320 ±  80 3550 ±  20
8 5260 ±  50 3270 i  70
11 2470 ±  30 14100 ±  100
12 14200 ±  100 2040 t  20
19 4250 i  90
20 2020 t  10 3200 ±  20
23 2020 ± 5
24 1830 ±  20
25 3140 ± 20
26 2480 ±  20
Data Table 28: Wind Blown Particle Concentration (ppm) for Zinc
Sample rain (1/15/97) wind (2/19/97) background (6/97)
6 9300 ± 100 1410 ±  40
8 17600 ±  500 8730 ±  30
11 22300 ±  400 5770 ±  50
12 4380 ±  60 850 ±  20
19 1360 ±  30
20 6500 t  100 1340 ±  10
23 930 ±  10
24 720 ±  10
25 98 ±  30
26 949 ± 5
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Figure 29 Arsenic Concentrations after Two Weather Events
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Figure 30 Cadmium Concentrations after Two Weather Events
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Figure 31 Chromium Concentrations after Two Weather Events
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Figure 32 Cobalt Concentrations after Two Weather Events
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Figure 33 Copper Concentrations after Two Weather Events
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Figure 34 Iron Concentrations after Two Weather Events
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Figure 35 Lead Concentrations after Two Weather Events
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Wind Blown Manganese Concentration
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Figure 36 Manganese Concentrations after Two Weather Events
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Figure 37 Nickel Concentrations after Two Weather Events
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Figure 38 Zinc Concentrations after Two Weather Events
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northwest comer of the sampling area and it would stick to the wet leaves. Site 12 is 
the most northwesterly sample site. To help explain the lack of manganese, the 
topography needs to be looked at closely. Site 12 is in the next (east) valley a mile from 
the mine entrance. To get soil from the mine to this site there would need to be 
stronger wind with the rain. Unfortunately, the rain storm had only light winds (8-11 
mph). This may have prevented manganese containing soil from getting that far from 
the mine site.
Site 11 for the wind storm is also easily explained. The storm was from the 
northwest with gusts up to 40 mph. Wind from the northwest would push material in a 
southeasterly direction. Site 11 was the most southeastern site visited afrer the wind 
storm. All elements show a spike at Site 11, except zinc. Zinc shows a spike at Site 8, 
the center o f the treatment pond. This is also a southern site, although not as east as 
Site 11. Copper is also slightly elevated at this site. The soil at Site 8 was quite high in 
both of these elements. It may be possible that the wind whipped around this bush to 
elevate the levels.
Samples 23-26 were collected to show average amounts of dust on bushes in the 
outlying area surrounding the mine. Site 25 is consistently higher than site 26, opposing 
of the soil sample data. Site 25 is fiirther from Lake Mead Dr. and closer to the Las 
Vegas Wash than Site 26. Maybe, since the particles are quite fine, the wind can carry 
the dust from the mine fiirther than water in the wash can carry soil.
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CHAPTER IV 
CONCLUSIONS
Data from the treatment o f the soil samples from the Three Kids Mine and 
surrounding areas show that o f the ten elements studied, all (except iron) will be 
leached at least 20% into 1% HNO3  and between 3% and 20% into acidified water 
(pH~5). Iron only slightly leaches to a maximum of 2%. The pH o f the rain water in 
the Las Vegas area is reported to be between S and 7. It can be surmised from this, that 
only a very small percent o f the soil is actually being dissolved and therefore moved in 
solution. However, it may be carried downgradient as colloidal or particulate matter by 
water during rain storms and flash flooding as evidenced by the rills and concentration 
of elements away from the mine in the surrounding washes. Wind may also play a 
significant role in the movement o f soil. As expected, a wind storm deposited fine 
particulates on surrounding creosote bushes. Surprisingly, a rain storm had the same 
results. Both storm events pushed dust in the direction of the storm as seen by higher 
concentrations on creosote leaves at the end o f the sample area in the direction o f the 
storm.
The wind, in combination with flooding, appears to be one o f the strongest 
potential explanations for contaminate transport. Soil was moved with the wind during
83
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a storm. Although not in great quantities, it was fairly concentrated. Also, Sites 3/5 
and 9/10 show that some force is physically moving the contaminated material over the 
land and depositing it later. As the distance from the mine increased, the concentration 
of elements in the soil samples went down, however, the concentration o f iron went up. 
Concentrations of arsenic, lead and manganese in wastes, were greatest at the head of a 
wash and decreased as samples were taken further downgradient. The element 
concentrations were greatest in the washes but decreased downgradient. These are 
prime examples showing that wind and water are moving soil away from the largest pit 
with water being the primary influence.
Weather in the Las Vegas area is dry and usually of breezy, even windy. 
However, when it does rain, a centimeter, or more, is not unusual in a short period of 
time. The quick downpour creates flash floods which could easily move great quantities 
of soil into the areas discussed. \^ th  the two o f these continually barraging the Three 
Kids Mine site, it is not surprising that manganese, and the other elements were found 
away from the mine.
To more completely answer the question o f contaminant movement, further 
studies could, and should, be done. It would be difficult to firmly state that the wind 
was responsible for a specific amount of the movement, since it often blows from 
different directions. A study of wind patterns in conjunction with soil deposition could 
be used to explain the movement of dust in the area. A long term study on the water 
flow and land erosion, in and out of all washes, during rain events would help explain
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where contaminants are coming from, going to, and how quickly t h ^ ’re moving. 
Sampling both the top portion and a few centimeters below would have great value for 
any soil analysis. A more extensive study could also be done on the amount o f soil to 
leach in water the pH of Las Vegas’ rain water. A more detailed study could involve 
the type of particle that is solvated to see which phase contaminants move in. All of 
these studies would lend further information in discovering the way by which 
contaminates travel away from the Three Kids Nfine.
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There is no calibration curve for cadmium, due to the inability of the AA to register 
cadmium.
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APPENDIX B
TABLES OF UNROUNDED CONCENTRATION VALUES
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Concentration for Arsenic in Soil (AA values) As % Comparison
site TD (ppm) a uncert. i%HN03b uncert. A W * uncert HN03m) AW/TD
1 1920.93 90.40 835.32 17.40 4.42 4.42 43.49 0.23
2 834.37 63.21 173.01 11.53 4.48 4.48 20.74 0.54
3 589.45 65.49 195.18 22.96 4.45 4.45 33.11 0-76
4 531.22 39.84 201.28 17.25 4.43 4.43 37.89 0.83
5 62.94K 62.94 29.25* 11.70 4.43 4.43 46.46 7.04
6 2394.84 66.52 198.31 11.67 4.49 4.49 8.28 0.19
7 1249.63 65.77 358.73 11.57 4.45 4.45 28.71 0.36
8 6233.29 519.44 1143.00 114.30 4.44 4.44 18.34 0.07
9 1064.73 47.32 232.73 11.64 4.44 4.44 21.86 0.42
10 63.304 63.30 28.994 28.99 4.46 4.46 45.80 7.04
11 1209.76 60.49 173.91 11.59 4.50 4.50 14.38 0.37
12 61.46* 61.46 28.57* 28.57 4.44 4.44 46.48 7.23
13 63.82 25.53 35.04 23.36 4.49 4.49 54.90 7.04
14 73.50 36.75 28.77 11.51 4.47 4.47 39.15 6.08
15 102.96 38.61 86.76 17.35 4.49 4.49 84.26 4.36
16 61.24* 61.24 28.68* 28.68 4.46 4.46 46.82 728
17 64.01* 64.01 28.80* 28.80 4.51 4.51 45.00 7.04
18 65.88* 65.88 28.45* 28.45 4.53 4.53 43.18 6.88
20 64.30* 64.30 28.60* 28.60 4.48 4.48 44.47 6.96
21 64.91* 64.91 28.62^ 28.62 4.41 4.41 44.09 6.79
22 64.86* 64.86 28.99*" 28.99 4.48 4.48 44.70 6.91
23 67.73* 67.73 28.57* 28.57 4.67 4.67 42.19 6.89
24 63.83* 63.83 29.28* 29.28 4.58 4.58 45.86 7.18
25 69.84* 69.84 28.62* 28.62 4.58 4.58 40.98 6.56






* values were at AA threshold, estimated number used for graphing purpose
+ < Sppm used for this column 
a uncertain values stated as < 70ppm 
b uncertain values stated as < 30ppm 
c reported avg did not incorporate estimated values
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Concentration for Cadmium in Soil* Cd % Comparison
Site TDdPpm) uncert. 1%HN03 uncert. AW uncert HN03/TD AW/TD
1 33.10 0.40 7.26 0.08 5.74 0.06 21.93 17.34
2 35.08 0.18 7.19 0.13 5.74 0.07 20.50 16.36
3 33.79 0.19 6.86 0.04 5.82 0.05 20.31 17.23
4 35.47 1.12 7.50 0.03 5.62 0.01 21.14 15.65
5 35.90 023 6.86 0.09 5.41 0.02 19.10 15.07
6 37.89 0.36 6.91 0.12 4.92 0.09 18.23 12.98
7 34.54 0.43 6.76 0.03 5.52 0.10 19.58 15.99
8 36.83 025 6.96 0.07 5.49 0.01 18.88 14.90
9 33.56 0.21 6.76 0.07 5.79 0.06 20.13 17.24
10 36.61 0.44 7.82 0.09 5.56 0.01 21.37 15.19
11 35.01 1.88 7.67 0.12 5.89 0.11 21.90 16.83
12 35.58 0.49 8.08 0.10 5.70 0.08 22.71 16.03
13 36.51 0.13 7.34 0.08 5.54 0.05 20.10 15.17
14 35.62 0.48 7.23 0.03 5.60 0.03 20.31 15.73
15 37.65 0.33 6.95 0.04 5.71 0.07 18.45 15.16
16 35.06 026 6.91 0.04 5.60 0.04 19.72 15.96
17 36.41 0.32 6.94 0.01 5.65 0.06 19.05 15.51
18 37.43 0.68 6.99 0.16 5.77 0.06 18.67 15.43
20 39.09 0.67 7.57 0.05 5.55 0.05 19.36 14.20
21 36.78 0.39 7.69 0.08 5.57 0.03 20.90 15.15
22 40.12 0.80 7.29 0.13 5.70 0.02 18.16 14.21
23 45.74 0.18 7.18 0.21 6.30 0.13 15.69 13.78
24 40.51 1.02 7.44 0.06 6.01 0.11 18.37 14.82
25 32.71 0.58 9.83 0.33 6.33 0.09 30.06 19.34
26 45.87 0.61 8.55 0.09 6.06 0.12 18.64 13.21
avg avg
20.13 15.55
"these are ICP values. When samples mn on AA, all except TD site 8 were too low. 
site 8 TD cone = 5.483 uncert = 0.3414 according to the AA 
the AA values were reported in the paper because they were in more agreement 
with accepted values.
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Concentration for Chromium in Soil Cr% Comparison
Sam TO (ppm) uncert. 1%HN03 uncert. AW uncert HN03/TD AW/TD
1 117.28 1.02 27.43 0.21 23.10 0.09 23.39 19.70
2 123.10 2.16 29.50 0.28 23.43 0.18 23.97 19.03
3 120.66 1.00 26.95 0.13 23.46 0.09 22.33 19.44
4 125.55 3.51 28.46 0.08 22.85 0.13 22.67 18.20
5 121.80 0.52 27.43 0.20 21.90 0.04 22.52 17.98
6 148.26 1.16 28.57 0.34 20.27 0.30 19.27 13.67
7 124.21 1.40 27.26 0.11 22.43 0.32 21.94 18.05
8 121.25 0.62 26.00 0.19 22.51 0.17 21.44 18.57
9 119.03 0.26 28.08 0.28 23.83 0.24 23.59 20.02
10 130.77 1.47 31.91 0.24 22.71 0.14 24.40 17.36
11 120.52 11.03 32.70 0.45 23.90 0.16 27.13 19.83
12 123.44 2.49 32.98 0.28 23.15 022 26.72 18.75
13 121.42 0.15 30.33 0.10 22.41 0.19 24.98 18.46
14 118.14 1.32 29.66 0.07 22.72 0.11 25.10 19.23
15 136.63 1.49 28.63 0.44 23.30 0.18 20.95 17.05
16 114.42 0.51 28.43 0.20 22.65 0.04 24.84 19.79
17 123.16 0.09 28.47 0.10 23.06 0.26 23.11 18.73
18 126.17 1.12 28.62 0.45 23.45 0.21 22.68 18.59
20 128.98 1.53 31.07 0.07 22.50 0.06 24.09 17.45
21 121.91 0.53 31.59 0.12 22.81 0.10 25.91 18.71
22 131.86 1.90 30.10 0.25 23.18 0.13 22.82 17.58
23 133.91 0.83 30.63 0.56 26.76 0.49 22.87 19.98
24 116.13 1.41 32.15 0.32 25.46 023 27.69 21.92
25 119.12 3.03 45.59 1.82 27.69 0.05 38.27 23.25
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Concentration for Cobalt in Soil Co % Comparison
Sam TO (ppm) uncert. 1%HN03 uncert. AW uncert HN03/TD AW/TD
1 22.19 0.13 5.97 0.05 5.98 0.07 26.92 26.96
2 23.16 0.37 6.33 0.03 6.07 0-11 27.34 26.22
3 23.15 0.19 5.98 0.03 6.08 0.03 25.83 26.29
4 24.23 0.60 6.25 0.04 5.98 0.08 25.78 24.69
5 23.15 0.29 6.06 0.13 5.75 0.02 26.17 24.82
6 28.02 0.32 6.15 0.04 5.26 0.04 21.94 18.78
7 22.47 0.36 5.96 0.04 5.81 0.08 26.51 25.86
8 23.08 0.24 5.73 0.03 5.78 0.08 24.81 25.04
9 21.85 0.09 5.93 0.07 6.14 0.08 27.12 28.12
10 23.75 0.46 7.07 0.04 5.93 0.01 29.74 24.97
11 23.05 1.32 6.91 0.09 6.19 0.04 29.96 26.84
12 22.98 0.63 7.23 0.08 6.04 0.07 31.47 26.28
13 23.62 0.15 6.71 0.08 5.84 0.04 28.39 24.74
14 22.96 0.39 6.56 0.03 5.93 0.03 28.58 25.82
15 24.53 0.27 6.39 0.18 6.00 0.06 26.07 24.46
16 22.64 0.24 6.25 0.05 5.87 0.01 27.59 25.92
17 23.48 0.11 6.34 0.01 5.98 0.07 27.01 25.45
18 24.29 0.22 6.37 0.05 6.13 0.04 26.24 25.24
20 24.84 0.51 6.85 0.03 5.87 0.02 27.56 23.62
21 23.83 0.18 6.93 0.09 5.88 0.07 29.08 24.66
22 25.94 0.22 6.61 0.07 6.03 0.01 25.49 23.26
23 27.52 0.36 6.98 0.09 6.39 0.08 25.37 23.22
24 25.46 0.15 7.03 0.02 6.15 0.06 27.62 24.16
25 22.43 0.34 8.41 0.11 6.41 0.08 37.48 28.57
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Cu % Comparison
Sam TD (ppm) uncert. 1%HN03 uncert. AW uncert HNOOHD AW/TD
1 51.35 0.34 20.78 0.15 3.42 0.01 40.46 6.66
2 319.94 6.22 150.55 5.46 6.14 0.10 47.06 1.92
3 48.45 1.84 16.04 0.03 3.47 0.01 33.11 7.16
4 47.48 0.26 17.43 0.06 3.38 0.02 36.71 7.13
5 39.34 0.52 14.31 0.13 3.64 0.01 36.38 9.26
6 216.37 2.59 17.51 0.19 3.40 0.05 8.09 1.57
7 86.10 1.38 24.92 0.10 3.72 0.06 28.95 4.31
8 77.79 2.53 24.28 0.20 3.73 0.02 31.21 4.79
9 60.47 0.70 15.27 0.12 3.93 0.03 25.25 6.50
10 39.87 1.00 17.83 0.14 3.76 0.02 44.73 9.42
11 66.37 1.11 20.46 0.24 3.95 0.03 30.83 5.95
12 39.99 0.49 17.21 0.13 3.82 0.04 43.03 9.55
13 43.42 0.18 16.57 0.06 3.71 0.03 38.16 8.54
14 41.71 0.85 15.89 0.05 3.75 0.01 38.09 9.00
15 42.72 0.53 15.68 0.18 3.84 0.03 36.69 8.98
16 40.15 0.89 15.10 0.08 3.75 0.01 37.61 9.34
17 43.87 0.48 15.27 0.04 3.81 0.04 34.80 8.69
18 43.32 0.29 15.17 0.23 3.86 0.03 35.02 8.92
20 41.74 0.19 16.22 0.03 3.73 0.02 38.86 8.93
21 42.00 0.09 16.43 0.06 3.75 0.01 39.12 8.94
22 41.96 0.49 15.79 0.15 3.82 0.02 37.62 9.11
23 47.20 0.36 6.57 0.09 3.93 0.05 13.91 8.33
24 44.07 0.59 10.75 0.05 3.77 0.04 24.40 8.55
25 34.93 0.81 6.63 0.20 3.75 0.01 18.99 10.73
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Concentration for Iron in Soil Fe % Comparison
Site TO (ppm) uncert. 1%HN03 uncert. AW uncert HN03/TD AW/TC
1 22688.36 511.17 221.88 1.40 14.29 0.29 0.98 0.06
2 5319.22 82.39 203.20 2.87 14.31 0.16 3.82 0.27
3 21633.94 723.22 229.23 1.00 14.51 0.18 1.06 0.07
4 22947.49 1199.47 268.31 2.91 14.10 0.13 1-17 0.06
5 25769.48 1040.06 218.34 4.08 13.55 0.14 0.85 0.05
6 10708.67 149.39 839.84 25.93 12.67 0.24 7.84 0.12
7 13958.19 496.35 143.44 1.01 13.82 0.41 1.03 0.10
8 21990.28 1255.87 273.27 4.83 13.91 0.15 1.24 0.06
9 20317.89 337j»8 226.86 1.82 14.52 0.09 1.12 0.07
10 30507.29 345.95 415.00 4.38 13.96 0.02 1.36 0.05
11 19774.24 676.28 245.77 4.55 14.59 025 1.24 0.07
12 32158.35 146.00 377.38 3.49 1425 0.05 1.17 0.04
13 25116.48 383.28 309.66 3.32 13.81 0.02 123 0.05
14 26770.88 725.76 315.33 0.66 14.01 0.19 1.18 0.05
15 37821.82 531.77 324.99 4.03 14.33 0.04 0.86 0.04
16 14651.61 72525 203.18 1.92 13.84 0.13 1.39 0.09
17 29120.02 440.00 350.07 4.86 121.67 1.39 120 0.42
18 24090.28 122.38 261.89 5.41 14.48 0.26 1.09 0.06
20 51331.75 588.78 835.02 17.54 13.72 0.15 1.63 0.03
21 20957.45 337.62 239.06 0.85 14.11 0.04 1.14 0.07
22 24981.56 160.13 235.98 2.83 14.43 0.09 0.94 0.06
23 35847.73 1003.38 294.75 6.64 20.55 0.72 0.82 0.06
24 26851.58 504.00 302.42 3.66 15.79 0.36 1.13 0.06
25 19621.70 205.05 484.82 13.47 40.60 1.81 2.47 0.21
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Concentration for Lead in Soil (AA values) Pb% Comparison
Site TD(ppm) uncert. 1%HN03 uncert. AW uncert HN03/TD AW/TD
1 19531.01 737.02 11350.85 378.36 86.55* 3.61 58.12 0.44
2 9482.62 164.92 37.61 1.88 3.66*" 3.66 0.40 0.04
3 2862.15 17.09 52.42 3.74 3.63*. 3.63 1.83 0.13
4 3551.51 86.62 180.05 7.50 3.61* 3.61 5.07 0.10
5 287.38 821 47.69 1.91 3.61* 3.61 16.59 126
6 10587.19 173.56 673.38 11.41 14.65 3.66 6.36 0.14
7 12612.18 257.39 18.87 3.77 3.63* 3.63 0.15 0.03
8 80466.68 847.02 45477.02 372-76 231.64 7.24 56.52 0.29
9 810223 77.16 971.49 7.59 724 3.62 11.99 0.09
10 222.94 4.13 18.91 3.78 3.63* 3.63 8.48 1.63
11 9468.85 157.81 3202.68 83.19 7.34 3.67 33.82 0.08
12 10423 12.03 3727 3.73 3.62* 3.62 35.76 3.48
13 1082.38 8.33 457.10 11.43 3.66* 3.66 4223 0.34
14 63122 7.99 210.20 3.75 3.64* 3.64 33.30 0.58
15 990.56 16.79 660.19 3.77 3.66». 3.66 66.65 0.37
16 2748.36 23.97 490.03 3.74 3.64* 3.64 17.83 0.13
17 192.04 8.35 67.63 3.76 3.68* 3.68 35.22 1.91
18 223.45 8.59 9.28 3.71 3.70* 3.70 4.15 1.65
20 33.55 8.39 14.92 3.73 3.65* 3.65 44.47 10.88
21 33.87 8.47 3.73* 3.73 3.60* 3.60 11.02 10.62
22 42.30 8.46 3.78* 1.89 3.65* 3.65 8.94 8.63
23 35.34 8.84 14.91 3.73 3 .80* 3.80 42.19 10.76
24 191.52 8.33 38.19 3.82 3.74* 3.74 19.94 1.95
25 27.33 9.11 11.20 3.73 3.74* 3.74 40.98 13.67






* values were at AA ttueshokl. estimated numlaer used for graptiing purpose. 
< Sppm were placed in table
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>ite TD (ppm) uncert. 1%HN03 uncert. AW uncert HN03/TD AW/TD
1 68713.69 813.57 10714.75 224.58 91.08 1.48 15.59 0.13
2 140059.01 6201.81 36826.07 1116.93 8924.37 174.11 26.29 6.37
3 51163.26 1503.69 2539.12 34.30 100.16 2.17 4.96 0.20
4 24670.06 179.60 3770.13 155.10 114.63 1.55 15.28 0.46
5 2788.18 107.65 726.97 22.70 67.82 0.32 26.07 2.43
6 400093.80 7513.76 46912.08 770.77 3719.49 138.44 11.73 0.93
7 182990.08 4534.49 18696.22 366.07 175.60 12.65 1022 0.10
8 120778.34 2727.17 17275.90 524.84 103.24 5.57 14.30 0.09
9 112289.75 1527.14 46739.61 2734.73 2397.13 54.65 41.62 2.13
10 6589.23 72.48 2221.97 23.66 127.38 2.56 33.72 1.93
11 168353.59 3163.36 59533.79 707.26 1237.91 26.92 35.36 0.74
12 1217.62 52.75 211.28 3.15 48.73 1.22 17.35 4.00
13 7090.40 211.22 2497.88 52.38 178.65 4.80 35.23 2.52
14 4316.37 126.99 1064.17 18.22 52.76 0.86 24.65 1.22
15 3380.68 49.49 673.77 8.11 76.39 0.19 19.93 2.26
16 1823.81 95.91 450.30 13.79 67.93 0.99 24.69 3.72
17 1828.19 30.64 457.51 13.92 105.79 1.21 25.03 5.79
18 3051.03 18.79 274.90 6.97 85.14 0.06 9.01 2.79
20 910.65 10.39 102.13 2.14 42.73 0.50 1121 4.69
21 672.84 12.06 199.23 0.56 80.07 0.83 29.61 11.90
22 627.85 2.52 83.90 2.42 44.18 0.66 13.36 7.04
23 1090.18 33.71 236.22 6.87 58.88 123 21.67 5.40
24 2778.43 56.76 556.17 6.16 71.85 1.23 20.02 2.59
25 495.28 18.45 345.77 10.66 182.30 1.81 69.81 36.81
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Concentration for Nickel in Soil Ni % Comparison
Site TD (ppm) uncert. 1%HN03 uncert. AW uncert HN03/TD AW/TD
1 45.32 0.15 15.32 0.11 9.56 0.10 33.80 21.09
2 64.77 1.66 19.86 023 10.51 0.15 30.67 16.23
3 43.26 0.72 13.53 0.09 9.82 0.07 3128 22.70
4 43.67 0.55 14.77 0.03 9.50 0.06 33.82 21.77
5 38.75 0.02 13.59 0.11 9.27 0.04 35.08 23.93
6 121.07 0.83 19.93 026 920 0.18 16.46 7.60
7 68.44 1.59 15.05 0.09 9.46 0.15 21.99 13.81
8 5827 0.48 14.43 0-07 9.46 0.10 24.76 1624
9 57.06 0.80 20.06 0.18 10.39 0.05 35.16 18.21
10 40.86 0.66 16.07 0.15 9.60 0.03 39.33 23.49
11 568.62 13.77 22.97 0.37 1021 0.15 4.04 1.79
12 37.93 0.65 15.86 0.14 9.68 0.12 41.81 25.52
13 40.59 0.17 14.94 0.14 9.39 0.09 36.80 23.15
14 39.04 0.21 14.40 0.14 9.49 0.06 36.89 24.30
15 41.64 0.66 14.05 0.26 9.80 0.17 33.73 23.54
16 37.72 022 13-74 0.15 9.60 0.06 36.44 25.44
17 39.15 0.16 13.93 0.03 9.68 0.09 35.58 24.73
18 40.58 0.52 13.87 0.21 9.82 0.12 34.17 24.20
20 40.37 0.84 14.90 0.07 9.52 0.07 36.92 23.58
21 39.60 0.17 15.02 0.08 9.58 0.02 37.94 24.19
22 42.74 0.74 14.50 0.10 9.81 0.04 33.92 22.95
23 36.88 0.38 11.16 0.14 10.02 0.08 30.26 27.16
24 36.41 0.68 12.06 0.19 9.62 0.04 33.12 26.42
25 33.79 027 12.90 0.19 10.00 0.03 38.17 29.60
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Concentration for Zinc in Soil Zn % Comparison
Site TD(ppm) uncert. 1%HN03 uncert. AW uncert HN03/TD AW/TC
1 350.00 10.41 152-15 1.68 4.06 0.03 43.47 1.16
4 292.19 7.33 204.45 6.48 8.39 0.13 69.97 2.87
3 276.65 3.73 90.90 0.68 4.16 0.06 32.86 1.50
2 244.45 4.40 97.91 0.90 3.93 0.04 40.05 1.61
5 119.73 1.07 22.61 027 4.06 0.02 18.89 3.39
6 633.53 2.84 142.75 4.70 6.10 0.12 22.53 0.96
7 386.88 12.50 110.42 1.21 4.10 0.09 28.54 1.06
8 554.64 10.54 168.39 3.29 420 0.02 30.36 0.76
9 344.95 12.70 114.95 128 6.28 0.06 33.32 1.82
10 260.82 7.62 135.48 1.05 4.77 0.02 51.94 1.83
11 415.48 10.94 134.18 4.39 5.05 0.06 32.30 1.21
12 116.90 2.63 32.41 0.59 429 0.05 27.73 3.67
13 133.41 3.98 40.19 0.28 4.14 0.04 30.12 3.10
14 120.40 3.53 27.78 0.35 4.17 0.01 23.07 3.46
15 205.24 3.28 64.80 0.69 4.59 0.04 31.57 2.24
16 118.73 1.06 26.37 0.30 4.14 0.03 2221 3.49
17 151.98 3.01 43.06 0.71 4.31 0.03 28.33 2.84
18 124.09 1.90 27.67 0.55 4.31 0.05 22.30 3.48
20 118.89 2.26 20.18 0.25 4.13 0.02 16.97 3.47
21 93.23 0.57 24.75 021 4.17 0.06 26.55 4.47
22 92.64 0.31 18.99 0.17 4.23 0.05 20.50 4.57
23 121.30 0.68 11.80 0.19 4.09 0.08 9.73 3.37
24 125.08 2.63 21.45 0.16 4.07 0.13 17.15 3.26
25 88.36 3.67 18.24 0.67 4.44 0.02 20.65 5.03
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sample post rain post wind
6(2) 6319.726 84.05235 3552.264 16.90878
8(5) 5256.938 49.46779 3268.168 68 59886
11(3) 2470.757 26.78301 14094.73 138.4102
12(9) 14153.31 101.4792 2041.747 19.47826
19(13) 4253.362 85.06723
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